Summary. Within a collection of 749 strains of group C streptococci (Streptococcus equisimilis) and 2348 of group G, isolated over a period of 6 years, there were clusters from 63 probable outbreaks of infection. These occurred in burns and maternity units, hospital wards, outpatient clinics, army camps and religious communities. Overall, it was possible to identify T-protein antigens in 88% of the group C strains and in 82% of group G. Serotyping by the identification of T-protein antigens was a useful method for the subdivision of these strains.
Introduction
The pyogenic streptococci of Lancefield groups C and G were recognised as causes of epizootics (Stafseth et al., 1937; Tillman et al., 1982) before they were considered as agents of infectious disease in man. There were very few descriptions before 1980 of cases of systemic disease caused by these organisms, but since then there has been an increasing awareness of the pathogenic potential of these streptococci, as reflected by the number of publications and notifications of serious infections reported to the Communicable Disease Surveillance Centre (CDSC) from laboratories in England and Wales ( fig. 1 ).
These streptococci occur as commensals in the pharynx (Forrer and Ellner, 1979) , on the skin (Gaunt and Seal, 1987) , in the gut (Barnham, 1983) and in the female genital tract (Christensen et al., 1974) . Serious diseases caused by these organisms include septicaemia (Finch and Aveline, 1984) , endocarditis (Goldberg et al., 1985) , septic arthritis (Gaunt and Seal, 1986) , pneumonia (Stamm and Cobbs, 1980) , meningitis (Devi6re et al., 1986) , Cellulitis (Gaunt and Seal, 1987) and erysipelas (Hugo-Persson and Norlin, 1987) . They have also been the presumptive cause of hospital and institutional outbreaks (Hill et al., 1969; McCue, 1982; Stryker et al., 1982; Cohen et al., 1987; Haynes et al., 1987; Teare et al., in press) .
A serotyping scheme was developed by Efstratiou (1983) based on the detection of cell wall T-protein antigens and this has now been applied to more than 3000 'pyogenes-like' isolates of groups C and G from man. 
Materials and methods

Strains
A total of 3097 strains was examined. These included all streptococci isolated from both presumptive outbreaks and random incidents of infection. There were 2978 strains referred to this laboratory from hospitals and public health laboratories within the UK and 119 strains from five countries overseas. Amongst the overseas strains, 19 were from probable outbreaks of infection and 4 1 were sporadic non-related isolates. In addition, there were 59 pharyngeal cultures taken from two separate native indian communities in Canada; there was a high incidence of antibiotic resistance, notably to erythromycin, in these strains (personal communication, Dr L. E. Nicolle).
The Lancefield group antigen was identified by use of the "Streptex" grouping kit (Wellcome Diagnostics). A commercial identification kit (API 20 Strep, API Bio Merieux Ltd) was used to confirm the identification of 200 representative strains during the study. These were selected at random from non-related sources and also included representative strains from different outbreaks.
T-protein typing scheme
The T-protein antigens were identified by the agglutination of trypsinised suspensions of the streptococci with their homologous antisera. Strains to be tested were grown in Todd Hewitt Broth (Difco) supplemented with trypsin (Efstratiou, 1980) . Slide agglutination tests were performed with the set of 20 specific polyclonal rabbit antisera (Efstratiou, 1983 ; Colman and Efstratiou, 1985) .
The T-typing sera were prepared in rabbits by immunisation with either trypsinised whole cell vaccines or partially purified immunogens (Efstratiou, 1985) . The agglutination test was performed as follows: the Tprotein suspensions were initially screened against five 0   I  I  I  I  I  I  I  I  I  I  I  I  I   1975 76 77 78 79 80 81 82 8 3 84 85 85 pooled sera and if a reaction was obtained with any one of the pools the individual sera for that pool were examined. If agglutination did not occur the procedure was repeated with the set of T-typing sera prepared for group A streptococci.
Results
Typability
Of the 3097 isolates examined, 749 were Lancefield group C streptococci (Streptococcus equisimilis) and 2348 belonged to group G. In all, 88% of group C and 82% of group G streptococci could be serotyped with the set of 20 antisera; group C streptococci were subdivided into 16 T serotypes and group G streptococci into 19 (figs. 2 and 4). Cross-reactions between T antigens of groups C and G occurred with 339 strains. This was also the case with 89 strains of Lancefield groups C or G which carried the T-protein antigens, 2,4,28 or 8/ 25/IMP 19 usually found in strains of group A (labelled "a" in figs. 2, 3,4 and 5). The T sera were specific for group C human isolates (S. equisimilis) and group G ; the antigens were not detected in strains of other streptococcal groups. I) . Serotypes 21 and 203 predominated in patients with sore throat. Serotypes were evenly distributed among the 42 strains from blood cultures; 10 of these were from patients with endocarditis, four of whom had had previous mitral valve replacements. Four nontypable strains were isolated from patients with acute nephritis, one from a patient with post-natal renal failure in whom the streptococcus was isolated from a high vaginal swab and blood culture and one from a patient who developed nephritis 2 weeks after having had a sore throat from which a group C streptococcus had been isolated. Three cultures were from patients with meningitis. Overall, there did not appear to be any association of serotype with systemic disease.
Group G streptococci could be subdivided into more than 24 T types (table 11). Cross-reactions occurred 282 times, T antigens being identified in group G strains that are usually associated with Lancefield groups A (5%) and C (13%); these were types 2,4,28, IMP19 for group A, and types 7, 20, 21 and 202 for group C. Antigen 302 in group G strains was always complexed with antigen type 7 which was the most common single type and represented 20% of the isolates ( fig. 5 ). Types 301 or 7/302 were carried by 33% of the strains. The largest collections examined were from the throat (17%), infected burns (15%), leg ulcers (16%), wounds (1 1%), skin (873, female genital tract (7%) and blood (7%) (table 11). Many were from systemic infections, including septicaemia, endocarditis and septic arthritis. Cultures were also obtained from cases of tonsillitis, otitis media, impetigo and cellulitis. The most common serotypes from these diseases were 7/302,301,300,16 and 20. Depending on the source, 74-100% of all isolates could be typed successfully.
Group G streptococci were isolated from 130 severe infections such as septicaemia (85), endocarditis (25), meningitis (1) and septic arthritis (19). The most common serotype isolated from joint fluid or blood of patients with arthritis was type 20; septic arthritis in several patients was preceded by phlebitis. There was no association between any particular T type and joint infection, but group G strains isolated from joints and from other sites at the time of the arthritis were the same serotype. There was a wide distribution of serotypes amongst the isolates from blood cultures; types 7/302, 300, 301 and 20 were the most common. Of the 110 isolates, 85 were from patients with septicaemia associated with spontaneous peritonitis, catheter sepsis, infected leg ulcers, cellulitis, bronchial pneumonia, acute renal failure or endocarditis.
Neonatal and maternal infections accounted for 6% of the isolates, including 10 pairs of isolates from mothers and babies. Common serotypes were 7/302, 20, 21, 301 and 308. Serotype 308 was identified in strains isolated from a series of episiotomy wound infections in a maternity unit.
Outbreaks of infection caused by Lancefield group C streptococci
Outbreaks caused by these streptococci were not common; only 10 were reported during the 6 year study period including pharyngitis, skin sepsis and puerperal sepsis (table 111) . A single serotype was isolated from each of five institutional outbreaks of sore throat, including episodes of tonsillitis at two schools from which T-types PT 1058 or 21 were isolated, and an outbreak of pharyngitis in a military camp in which the T-serotype 4 was recovered from five throat swabs. Strains for serotyping were also received from an outbreak of pharyngitis which was followed by nephritis amongst schoolchildren in Romania (Mihalcu et al., 1982) . The four sets of cultures carried the Ttype 204 antigen.
Four possible outbreaks of skin sepsis were studied (table 111) . In hospital B, four patients in a general medical ward developed skin lesions infected with group C streptococci, serotype PT1058. In the geriatric ward of hospital C, three patients had skin sores infected with serotype 305. Two outbreaks of infection in the burns unit of hospital D were caused by serotype 21; the first affected nine patients and the second, several weeks later, comprised four cases of sepsis, including one in which there was failure of skin graft. Throat cultures from the staff in attendance during the second incident yielded three isolates of serotype 21. The fourth outbreak was relatively small; three patients in an old peoples' home had infected skin lesions and two developed cellulitis. Group C streptococci, serotype 204 were isolated from both cases of cellulitis.
There was one outbreak of puerperal sepsis in which 33 women were infected with serotype 204 (Teare et al., in press).
Outbreaks of infection caused by group G streptococci
Strains were available for study from possible outbreaks of hospital-acquired infection that oc- curred in 41 institutions in the UK during the 6-year study period. The main categories of infections were pharyngitis, skin sepsis and puerperal sepsis.
Infections in burns units. Group G streptococci are often isolated from burns and wounds. In one burns unit where group G streptococcal isolations were numerous, 759 patients were admitted during 1982-1985. The monthly isolations of group A and group G streptococci are shown (fig. 6 ); 155 (20%) patients were colonised with group G streptococci, 116 (15%) with group A, and 31 (4%) with both. Certain serotypes predominated in different years (fig. 7) ; for example, serotype 301 was the most numerous type in 1982 and caused failure of skin grafts. This drew attention to the problem. Isolates with an unusual agglutination pattern were obtained from four patients at the same time; they were agglutinated by sera nos. 7, 302 and 305, and were the only representatives found with this pattern. Group G streptococci were also isolated from the environment and, occasionally, from nose and throat cultures of members of staff.
Smaller clusters of strains were examined from two other burns units. Eleven isolates from wound infections of patients in one unit comprised five different serotypes ; four strains were type 305, three type 20, two type 307, one type 16 and one 7/302. In the third hospital 43 strains were isolated from infected patients in the bums and plastic surgery units over a 9-month period. Initially, crossinfection was suspected when large numbers of group G streptococci were isolated from different patients simultaneously. Type 21 strains were also isolated from three patients, two members of staff in the burns ward, and five patients in the plastic surgery ward. Strains of type 308 were later found in three patients with burns and four patients in the plastic surgery unit.
Skin sepsis in hospital wards. The most numerous clusters of strains from hospitals were from cases of skin sepsis. The origin and serotype distribution of the 119 strains received are summarised in table IV. In all patients clinical signs of infection were present which had developed at sites of previous 14.
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10 - Outbreaks of infection in a London ulcer clinic. Thirty-seven strains of group G streptococci were isolated from ambulatory patients attending a leg ulcer clinic. When the dressings were removed the infected wounds were left exposed prior to examination of the patients. During a 12-month period, 15 isolates of type 305 were recorded. This type was also isolated on three occasions from the floor of the clinic particularly beside the examination couch, and four times from the plastic aprons worn by the nursing staff. Type 7/302 strains were isolated from the skin of 12 patients attending the clinic at the same time and there were also sporadic isolations of other serotypes.
Outbreaks of infection in maternity units. In all, 104 strains were obtained from infections in 12 maternity units (table V) . An outbreak of puerperal sepsis involving 12 patients occurred over 2 weeks * Isolates from staff members; t isolates from the environment; $ 2 isolates were from babies.
at hospital F. Type 7/302 was isolated from all patients except one who had arrived in the unit after preventive measures, including the disinfection and thorough cleansing of bathrooms had been taken, and from whom type 21 was isolated. The outbreak ceased without the source being found. Type 7/302 strains were isolated from infections in hospitals D, G, H, K and L; this serotype was also isolated from environmental swabs (bath, bathwater, toilet seats, water closet and shower) taken in hospitals G and K. None of nine strains isolated from a cluster of infected episiotomy wounds in hospital E, could be serotyped initially. Serum raised against one of these organisms (type 308) agglutinated all nine strains. Colonisation of babies with maternal strains was also observed in hospitals A, B and K (table V) . Skin infections of babies who were in the neonatal unit at the same time occurred in hospitals C and I. Foodborne outbreaks of group G streptococcal pharyngitis. Although such outbreaks are rare, strains were obtained from what were thought to be two such outbreaks-ne in Florida, (Stryker et  al., 1982) , the other in an army camp in Israel (Cohen et al., 1987) . All 10 strains available from the Florida cases were type 301. None of the group G streptococci isolated from soldiers with sore throats, kitchen workers or meat samples in the outbreak in Israel could be serotyped.
Discussion
The carriage rate of group C streptococci in normal individuals has been reported to be 3% by Hare (1940), but disease caused by these organisms is considered to be relatively uncommon (Stamm and Cobbs, 1980) although bacterial endocarditis, cellulitis, septicaemia, pneumonia, nephritis and meningitis have been recorded. The data provided in the present study confirm that these infections cannot be distinguished from those caused by group A streptococci (S. pyogenes) on clinical criteria alone. There was no particular association of serotype with a specific disease.
Although outbreaks of infection due to group C streptococci are uncommon, nevertheless there were outbreaks of pharyngitis, skin sepsis and puerperal sepsis. The largest outbreak of sore throat studied involved 146 members of staff from one hospital (Efstratiou et al., in press) and was probably foodborne, a form of transmission that has not been recorded previously. Serotype 204, responsible for this outbreak, is uncommon in the community. Group C streptococci have not been described as a cause of outbreaks of puerperal sepsis but one such outbreak occurred during this study (Teare et al., in press) and strains of type 204 were isolated. The only other recorded outbreak caused by this type was in Romania where some throat infections were associated with subsequent cases of nephritis (Mihalcu et al., 1982) . Phage-typing, DNA fingerprinting (Skjold et al., 1987) (Gaunt and Seal, 1986 ) may well be the result of improved identification procedures for streptococci now more generally available.
Group G streptococcal endocarditis has also been reported with increasing frequency (Bouza et  al., 1978, Vartian et al., 1985, Smyth et al., 1988) . Isolates of group G streptococci from the blood in this study represented 7% of random isolates. The clinical features of group G streptococcal bacteraemia in patients from one hospital have been described by Finch and Aveline (1 984). There were five different T-protein antigens in their strains. There was no evidence of nosocomial spread. Acute glomerulonephritis after group G streptococcal infection is rare (Gnann et al., 1987) , but some strains in this study were associated with glomerulonephritis, a finding that has also been reported in the West Indies following skin infections (Reid et al., 1985) . Group G streptococci were also isolated from neonatal and maternal infections. Approximately 5% of women in labour harbour group G streptococci in their genital tract, so the occasional involvement of this organism in puerperal sepsis, endometritis and neonatal infection is not surprising (Filker and Monif, 1979; Dyson and Read, 198 
1).
There were 53 clusters of cases caused by group G streptococci which represented probable outbreaks of infection. The diseases were similar to those caused by group A streptococci and included infections in burns units, detention centres, materof 82%.
nity units, hospital wards and outpatient clinics. The largest study on skin isolations of group G streptococci was in a London burns unit. The typing scheme established that infections with different serotypes occurred in the unit at different times. In one outbreak, serotype 301 was associated with failure of skin grafts in several patients at the same time. Historically the predominant streptococcus in burns units has been S. pyogenes, reported by the Medical Research Council (1944) to be present in over 75% of burns, but now the incidence has been reduced to around 4% (Lawrence, 1985) .
Pharyngitis comprises the most common outbreaks of group G infections. Streptococcal pharyngitis may be difficult to diagnose because asymptomatic throat carriage occurs in up to 23% of the normal population (Hill et al., 1969) , and viruses are the more common cause of this infection. Apparent outbreaks of pharyngeal infection were examined in closed institutions such as detention centres, residential schools and army camps. In the American foodborne outbreak, the epidemiological data confirmed by the finding of the type 301 antigen in all strains suggested that the pharyngitis was caused by group G streptococci.
Outbreaks of puerperal fever caused by group G streptococci have been described only recently (Haynes et al., 1987) . In all instances correlation of the typing results of isolates from the patients and from their bathrooms was consistent, and the failure to isolate other pathogens indicated that the puerperal fever was caused by group G streptococci. None of the babies born to infected mothers had invasive disease. These outbreaks of puerperal sepsis have drawn attention to the possible significance of group G in the genital tract of parturient women.
Overall, although the T-protein antigens were very useful as epidemiological markers, they could not be related to virulence. The antiphagocytic molecule, the M protein has been identified in human isolates of Lancefield group C and group G streptococci (Efstratiou and Colman, in press ) and a complementary typing scheme based on virulence factors may be useful because of its direct clinical relevance. The T-typing in group C streptococci was successful in 88% of strains, in group G strains 82%. It is likely that these isolation rates could be increased by the preparation of additional T-typing sera.
The question of stability of serotypes, one form of reproducibility, could not be assessed accurately with a single serotyping scheme. The T proteins are stable antigens and there was a high degree of reproducibility in epidemiologically related strains, e.g., the outbreaks in a skin ulcer clinic. In eight instances in the 26 burned patients from whom group G strains were isolated over an extended period, sequential swabbing yielded more than one type. This can be explained by infection with a different serotype, but the possibility that some form of variation occurred in the T-protein antigen in the eight cases involved cannot be excluded. This could be clarified by the introduction of a complementary typing scheme based on the Mprotein antigens, as in group A streptococci; in current work 15 candidate M-types have been identified amongst group C and group G streptococci of human origin (Efstratiou and Colman, in press) .
This study provides further evidence of the similarities in the pyogenic streptococci of Lancefield groups A, C and G, particularly in their cell wall protein antigens and their ability to cause sporadic systemic diseases and outbreaks of infections. 249-255.
